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1. Literature Review                                                                                                    
1.1 Introduction 
 
In this thesis, we focus on studies about glycosylation reactions where furanoses or 
furanosides were used as glycosyl donors; the most common furanoses are ribose and 
arabinose. The acceptor that participates in this reaction can be a simple alcohol or another 
sugar moiety as in O-glycosylation, nucleobase in N-glycosylation as well as a carbon 
nucleophile in C-glycosylation.  
 
When the product is synthesized, the conformation at the anomeric position of furanose can 
remain the same or the product can have opposite stereochemistry. To control the 
stereoselectivity, protecting groups of the donor are often considered as a crucial factor, 
especially when this group itself participates in the reaction.1,2 Other factors such as 
acid/base concentration,3 solvent polarity4,5,6 and protecting group of acceptors7,8,9 are also 
discussed in the following studies. 
 
The reason why furanose sugars and their derivatives receive interest is their wide existence 
in nature and potential pharmaceutical activities. Such compounds often have oxygen, 
nitrogen or carbon glycosyl bond between sugar moieties or between sugar moiety and other 
type of moiety, for example nucleobase, also S-linked oligosaccharides commonly exist and 
their applications have been investigated. Thiooligosaccharides can be used as inhibitors of 
the β-galactosidase (hydrolase enzyme) from Penicillium Fellutanum10 (fungi), but very 
often furanoses are first converted to a range of thioglycosides to serve as glycosyl donors.11 
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1.2   Theory 
Some groups not only published their study results about stereoselectivity of glycosylation 
reactions, they also studied the mechanisms, intermediates and their confirmations. The 
most frequently mentioned mechanisms are cyclic SN1, cyclic SN2 and acyclic pathway. In 
most studies, oxocarbenium ions have been proved to be the intermediates in glycosylation 
reactions, which mean those reactions underwent SN1 mechanism. Woerpel and co-
workers12-15 were very active in studying these intermediates and their conformations when 
attacked by nucleophiles. They have established a model to explain the highly 
stereoselective reaction between nucleophiles and five-membered-ring oxocarbenium ions.12 
 
Before Woerpel’s group, other studies had been published,16 but they could not explain the 
stereoselectivity that was observed between oxocarbenium rings and a wide range of 
substrate and nucleophiles. One example is the model created by Reissig16a based on his 
study of lactols. The model proposed by Woerpel and co-workers explained the selectivity 
of previous studies using C-glycosylation as a model, because it was often irreversible. The 
observation of high stereoselectivity could be understood by considering the favored 
conformations of both oxocarbenium ions and products. The favored conformation of the 
oxocarbenium ion was an envelope conformation 1. A nucleophilic attack taking place 




Scheme 1. Attack on nucleoside on oxocarbenium ion 1 proposed on Woerpel’s group.12 
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Based on studies of Woerpel and co-workers,12 to prove that the preferred product came 
from the conformation with the lowest energy and the reaction went through an addition on 
the inside face of the envelope conformation, Rhoad and co-workers proposed a scanning 
method that could approximate precisely the full potential energy surface (PES) of the 
furanose ring (furanosyl oxocarbenium ion).17 They investigated the conformation by 
computational methods using Gaussian03 based on B3LYP density functional theory and 6-
311G (d, p) basis set. PES graphs stated that in envelope conformation 3, oxocarbenium ion 
and oxygen nonbonding electrons had the most favorable overlap. By comparing different 
furanosyl oxocarbenium ion structures, the result showed that all compounds reached lowest 
pseudorotamer in their envelope conformation (3E or E3) when oxygen was in the 
pseudoaxial position. In addition, the substituent on C-3 had more influence over the 




This research simplified the ring conformation of a furanosyl oxocarbenium ion with three 
common protecting groups: ether, silyl ether and esters. Ester protecting group interacts with 
the sugar ring so that it blocked the syn face of the oxocarbenium ion and forced the 
nucleophilic addition to happen at anti face. Furanose with ether or silyl ether protection 
groups reaches the lowest energy conformation when the oxygen atom is in the pseudoaxial 
position. 
 
While the previous articles focused on the oxocarbenium ion intermediate (exocyclic 
pathway), Guindon and co-workers thought an endocyclic pathway was also possible in the 
synthesis of furanosides or nucleosides.18 The existance of this pathway had been proved.19 
For example, the mechanism of the anomerization of pyranosyl compounds was studied by 
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computational calculation,19a it supported the endocyclic pathway as a mechanism of the 
anomerization, especially under mild conditions-low temperature and a weak acidic medium. 
Endocyclic pathway exists also in the hydrolysis of oligosaccharides, in one example the 
hydrolysis was catalyzed by enzyme lysozyme.19b 
For developing new synthetic approaches of nucleoside analogues, Guindon and co-workers 
started to investigate the ring-opening reaction of methyl fuanosides in the presence of 
Me2BBr. They showed herein a clear preference for the endocyclic cleavage versus 
exocyclic cleavage and how it could be affected by the configuration of the furanosides. 
 
 
Scheme 2. Exocyclic versus endocyclic pathway.18 
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The furanoside they studied were α- and β-anomers of ribofuranoside, xylofuranoside, 
arabinofuranoside and lyxofuranoside, the reactions between these furanoside and Me2BBr 
were carried out. Only α-ribofuranoside and β-arabinofuranoside afforded cyclic products, 
all other six compounds gave predominantly acyclic thioacetal product. Assumingly after 
the addition of a nucleophile, the cyclic product would form either from cyclic or acyclic 
thioacetal furanoside. 
In order to investigate the influence of each substituent on the reactivity and selectivity in 
this reaction, different methoxy tetrahydrofurans were prepared. High yields and 
diastereoselectivities of the acyclic product were performed at -78 °C with both 1,2-cis and 
1,2-trans 2-benzyloxy methyl THF-acetals. The favor to acyclic product (SN2-like) was lost 
when temperature was raised, this suggested that at higher temperature exocyclic 
mechanism involving oxocarbenium intermediates was competitive or even dominated the 
reaction, while endocyclic pathway controls the reaction at low temperature, but neither 
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1.3   O-glycosides 
Many studies have been reported in the last few decades on stereoselective preparation of O-
glycosides, including the synthesis of oligosaccharides. Examples will be provided in this 
chapter. Researchers have summarized the synthesis of O-glycosides in different aspects; 
two of them inspired me in writing this chapter.  
According to Lowary,20 1,2-trans-glycosides such as α-arabinofuranosides, β-
galactofuranosides and α-fructofuranosides can be synthesized in a stereocontrolled way, 
taking advantage of neighboring group participation, when glycosyl donors have an acyl-
protecting group at O-2 or O-3.  
However, the synthesis of 1,2-cis-O-glycosides like β-arabinofuranosides, α-
galactofuranosides and β-fructofuranosides are considerably more demanding. Compared to 
six-membered ring (pyranose), five-membered ring is conformationally flexible. Thus, the 
energy differences between competing transition states are usually low, so use of 
nonparticipating protecting group on O-2 or O-3 leads to mixtures of products.  
Intramolecular aglycon delivery (IAD) method was created to overcome this difficulty. In 
this method, the glycosyl acceptor is first bonded to O-2 protection group, followed by the 
activation at the anomeric center, the aglycon traps the oxocarbenium ion at C-1 and stays at 
the same face as O-2 protecting group, thus forming 1,2-cis-glycoside. 
In another review, Imamura and Lowary11 divided the glycosyl donors for the synthesis of 
1,2-cis-furanosides in to two groups: conformationally-flexible donors and 
conformationally-restricted donors. Lowary has contributed a lot in the field of 
oligosaccharide synthesis. 
Oligosaccharides containing furanose rings are important parts of many lower organisms, 
such as bacteria and fungi.21 People are also interested in synthesizing furanosyl 
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1.3.1 1,2-trans-furanosides 
Lowary and co-workers1 synthesized arabinofuranosides 15a-c that they expected to have 
1,2-trans configurations due to neighboring group participation; they used two different 
methods that had been published by Inanga24a and Gin24b as shown in Scheme 3. 
 
 
Scheme 3. Synthesis of α-arabinofunanosides.1 
However, neither method brought products with good stereoselctivity, a significant amount 
of β-arabinofuranoside was formed. Lowary and co-workers1 came up with an explanation 
that the acyl group at O-3 participated in the reaction instead of the acyl group at O-2; this 
participation blocked α-side of the anomeric position. However, this hypothesis was not true. 
If O-3 protecting group participation was the major factor in the determination of the 
stereocelectivity, lyxofuranose derivative should give higher α-selectivity, but in fact, 
coupling between lyxofuranoside and alcohols gave very low yield and stereoselectivity was 
not observed. 1 
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Scheme 4. 1,2-participation versus 1,3-participation.1 
Finally the attention of Lowary’s group turned on to the activation of furanosyl donors via 
thioglycoside. The studied reaction between alcohols 12-14 and 23-24 and two 
thiofuranosides 21 and 22 gave only α-glycosides and yields were good as well.1 
 
 
Scheme 5. Coupling between arabinofuranosyl donors and acceptors.1 
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Besides NIS/AgTOf activation used by Lowary,1 Tin(IV) chloride also gave excellent 
anomeric selectivity in sugar glycosylation. Because of the attribution of the C-2 
neighboring group, the formation of an acyloxonium ion stabilized the positive charge on 
anomeric carbon22 and blocked the possibility of 1,2-cis glycosylation effectively.  
SnCl4 gave anomeric mixtures in the synthesis of furanosides in earlier study.25 Maddry and 
Reynolds’ group26 tried a method involving precomplexation of a donor with SnCl4. This 
method has advantage over standard glycosylations such as Koenigs-Knorr reaction that 
uses toxic mercury salts as the coupling agent, since SnCl4 is more environmental friendly. 
Maddry and Reynolds’ group26 synthesized some arabinofuranosides: with acceptors 
including aliphatic alcohol, substituted alcohol, N-hydroxyethylphthalimide and α-
arabinofuranoside. One example was shown in scheme 6. Some coupling reactions between 
β-galactofuranosyl donors and alcohols were also mentioned, but the synthesis of 
disaccharides of β-galactofuranose gave much lower yield compared with α-arabinofuranose. 
 
 
Scheme 6. Precomplexation of glycosyl donor 19 followed by coupling with acceptor 26.26 
Leaving group of the sugar ring can also be modified, Singh and Li investigated the 
possibility of using propane-1,3-diyl phosphate as the leaving group at the anomeric centre 
of tri-O-benzyl-D-arabinofuranoside 28.7 The glycosyl donor in this study was 
arabinofuranosyl phosphate 29. Unlike its pyranose analogue, arabinofuranosyl phosphate 
was unstable and needed to be prepared right before the reaction and stored at low 
temperature. 
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Scheme 7. Synthesis of arabinofuranosyl phosphate.7 
The displacement of propane-1,3-diyl phosphate group with some acceptors was 
investigated. The major products were β-anomers in the case of n-octanol and isopropanol. 
However, when acceptors became more heavily oxygenated, for example, with 32 and 33, α-
anomers were instead the major products (β/α ratios were 1:0 and 3:1). Interestingly when 
the acceptor was arabinofuranoside 30, the amount of Lewis acid was also a factor that 
controlled the stereoselectivity. When the glycoslation used a catalytic amount of TMSOTf, 




Scheme 8. Using arabinofuranosyl phosphate as the donor.7 
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1.3.2 1,2-cis-furanosides 
Lowary and co-workers have studied the stereoselective O-glycosylation of 2,3-anhydro-
lyxofuranoside 34 and 2,3-anhydro-ribofuranoside 46 since 2001.27 The advantage of using 
2,3-anhydrofuranosides as a glycosyl donor is that this method doesn’t require a sterically 
demanding nonparticipating protecting group at C-2, which could bring negative influence 
to the stereoselectivity. 
By coupling the thioglycoside with alcohols 35-38 using NIS/AgTOf activation, the group 
studied the stereoselectivity of reactions shown in scheme 9.27a Simple alcohols and most of 
the carbohydrate alcohols gave good yield and high β-selectivity. However, in reactions 
between thioglycoside 34 and some carbohydrate alcohols, yields and selectivity were poor 
and also rearranged products were formed, while the epoxy ring was opened and the 
thiotolyl group was migrating from C-1 to C-2. 
 
 
Scheme 9. Coupling between 2,3-anhydrosugar and alcohols.27a 
 
 
Scheme 10. Side reaction where thiotolyl was migrated.27a 
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To improve this reaction, thioglycoside 34 was replaced by glycosyl sulfoxides 42. This 
gave excellent selectivity and no rearranged products were detected. 
 
 
Scheme 11. Coupling between 2,3-anhydrosugar and alcohols.27a 
Using both thioglycoside anomeric mixture and β-thioglycoside 34, only β-glycoside was 
produced; this suggested that the reaction proceeded via an oxocarbenium ion intermediate. 
In contrast, when glycosyl sulfoxide 42 was involved in the reactions, they might proceed 
via a glycosyl triflate intermediate 44. Lowary’s group in their later study27c has studied the 
mechanisms in detail. The triflate group was later replaced by a nucleophile, and because α-
triflate formed in preference to β-triflate, β-furanoside was produced exclusively. 
 
 
Scheme 12. Mechanism of glycosylation using glycosyl sulfoxide as glycosyl donor.27a 
Two years later Lowary and co-workers27b published their investigation about the 
possibilities of using 2,3-anhydro ribofuranosides as glycosyl donors. It was very clear that 
the couplings between the donor and a range of alcohol acceptors were fast and highly β-
selective (in many cases no α-anomer was formed). They have summarized some general 
trends: 
	  	   13	  
1. When the steric hindrance of the acceptor increases, β-selectivity decreases. 
2. The glycosyl donor with a sulfoxide-leaving group is better than thioglycoside in the 
sense of both yield and β-selectivity. 
3. For the activation of a glycosyl donor with sulfoxide, the stir time of the reaction mixture 
prior to the addition of alcohol has significant influence on the reaction yield and β-
selectivity. Longer stir time leads to better result. 
4. The stereochemistry at the anomeric center in the donor does not influence the β/α ratio. 
To understand the origin of the high stereoselectivity observed in the reaction between an 
2,3-anhydrosugar glycosyl sulfoxide donor and an alcohol, Lowary’s group studied the 
mechanism of glycosylation with sulfoxide 42.24c They were also interested in if the 
thermodynamic stability of the final products had influence on the glycoside distribution. 
For this question, although based on ab initio and density functional theory calculations, the 
major products in their study24a,b were less stable than their isomeric glycosides, their test 
showed that two glycosides did not equilibrate. This indicated that the observed product 
distribution was not due to thermodynamic control based on their thermodynamic stability. 
And the reaction of glycosyl sulfoxides indeed proceeded via a single glycosyl triflate 
intermediate as shown in scheme 12, the triflate reacted with acceptors via an SN2 
mechanism resulting high degree stereoselectivity. In addition, the presence of 
oxocarbenium intermediate was not detected by NMR spectroscopy. 
Based on all three studies in hand, with one more step Lowary and co-workers successfully 
produced 2-deoxyfuranosides from 2,3-anhydro-furanosyl thioglycosides 34 and 46.27d After 
the glycosylation with thioaryl migration as mentioned,27a 2-deoxy-2-thioaryl glycoside 45 
and 47 was reduced to afford 2-deoxyglycoside 48 and 49. Instead of avoiding the 
production of 2-deoxy-2-thioarylglycoside, which was considered as a byproduct in their 
previous study,27a 2-thioarylglycoside needed to be synthesized efficiently and 
stereoselectively. 
The reactions between 34 and some carbohydrates 35 – 38 produced only β-glycosides in 
good yield. In the case of secondary alcohol, the yield was lower. They also tested 2,3-
anhydro-ribofuranosyl thioglycoside 46. In these cases α-glycosides are produced in good 
yields. 
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Scheme 13. Reaction with thiotolyl group migration,27d this was side reaction mentioned in 
earlier study.27a  
 
Scheme 14. Reaction of 2,3-anhydro-ribofuranosyl thioglycoside with thiotolyl group 
migration.27d 
Treatment of 45 or 47 with hydrogen and Raney nickel could produce 48 or 49 in modest 
yield. This method was a successful two-step synthesis （glycosylation + desulfuration) of 




Scheme 15. Desulfuration reaction leads to deoxyfuranosides.27d 
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Lowary and Yin28 have studied the coupling reactions between β-arabinofuranosides 51 and 
53 and some alcohol or carbohydrate acceptors 53-57. All reactions were carried out at -78 




Scheme 16. Coupling between thioarabinofuranosyl donors and acceptors.28 
 
The authors concluded that there was a correlation between β-selectivity and reactivity of 
the donor: the least bulky donor gave the best β-selectivity. They proposed that the reactions 
with high a β-selectivity proceeded via an SN1-ion pair mechanism where the leaving group 
blocked α-side. Reactions with no β-selectivity probably proceed via other intermediate such 
as oxocarbenium ion. 
 
Kwan and Heung8 used 2’-carboxybenzyl arabinofuranosides 73 and 74 as the glycosyl 
donors in glycosylation reactions with different alcohol acceptors, such as 75 and 76. They 
found that the glycosyl donor 74 with a benzoyl-protective group could afford more β-
selectivity compared with 73 (β/α > 20:1 compared with β/α <4.5:1).28 This was the crucial 
factor for the stereoselectivity of glycosylation. In addition to this, acyl-protective group on 
the acceptors were also essential for β-stereoselectivity. This synthetic method of β-
arabinofuranoside was reliable and its reliability was demonstrated by a synthesis of 
octaarabinoruranoside. 





Scheme 17. Glycosyl donors with different O-2 protection group in O-glycosylation.8 
Another category of protecting groups is cyclic protecting group that selectively protects O-
3 and O-5 at the same time. Boons and co-workers29 proposed a synthetic method of β-
arabinofuranosides by locking the glycosyl donor in certain conformation so that 
nucleophilic attack from α-side was disfavored, this method gave excellent β-
stereoselectivity. Computational calculation suggested that when arabinofuranosyl 
oxacarbenium ion was in E3 conformation, the attack of nucleophile was favored at β-side. 
One such example was arabinofuranoside with 3,5-O-di-tert-butylsilane protecting group 81, 
and this protecting group was used in Ando and Kiso’s study about pyranose reactions.30 A 
reference compound 82 was also prepared. 
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Scheme 19.  Preparation of glycosyl donors 81 and 82.29 
 
By comparing the differences in β/α ratios of the products from two donors (> 15/1 vs. < 
3/1), it was very clear that cyclic protecting group had advantage in glycosylation reaction. 
More examples were carried out to emphasize the high selectivity of this bicyclic glycosyl 
donor due to the unfavorable steric interactions when the nucleophile attacked at α-side. 
This method was successfully applied in the synthesis of an arabinogalacten fragment 
derived from the plant cell wall. 
 
 
Scheme 20. Glycosylation of bicyclic glycosyl donor 81.29 
 
Ito and co-workers31 aimed to synthesize the terminal region of BCG-CWS. The terminal is 
oligosacchride and this synthesis had to be done stereoselectively. They first studied the 
influence of the protecting group at O-5 on β-stereoselectivity. The coupling reaction 
between 85 and another thioarabinofuranoside was studied, five different protecting groups 
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were tested and the selectivity had huge differences. The best result was from thioglycol 
donor 84 with 5-O-p-MeOC6H4CH2 (PMB) protection, but the β/α ratio was only 2.8:1. 
 
 
Scheme 21. Coupling between two thioarabinofuranosides.31 
 
Continued from their previous work,31 Ito and co-workers9 worked on the synthesis of β-
arabinofuranoside with higher stereoselectivity. They reported that 3,5-O-
tetraisopropyldisiloxanylidene (TIDPS) – protected thioglycosides 87 and 89 were effective 
donors in such reaction (> 1:12.5 α: β ratio), because of the electron density and bulkiness of 
the protecting group. These cyclic protective groups were tested in some studies on six-
membered ring.32  
 
Their study also stated that the structure of the acceptor could affect the stereoselectivity. 
The acceptor needs to be relatively bulky to achieve β-selectivity. The reason might be that 
steric repulsion with C-2 hydrogen would be inconsequential. With the result they have, 
some complex structures were successfully synthesized. 
 
 
Scheme 22. 3,5-O-TIDPS-thioglycosides in glycosylation reactions.9 
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The group of Lowary33 studied how temperature and concentration could affect the 
glycosylation reactions under NIS/AgOTf promoter system. At low temperature the reaction 
was slow; although higher temperature led to faster reaction, reaction yield was sacrificed. 
The best result was to use gradiently arising temperature (-60 °C to -40 °C in two hours). 
The concentration of the acceptor has no big influence on the yield; very low concentration 
(0.01M) however increased β-selectivity. 
 
This study33 was also about how protecting groups at O-5 could affect stereoselectivity. 
With the optimized reaction conditions, coupling reactions between donors 92-95 and 
acceptors 96-97 were carried out. Both donors and acceptors had only O-5 protection 
differences. The best result was from the coupling between donor 92 and acceptor 97, both 
had 5-O-PMB protections. The authors thought that the electron-rich protecting group of the 
acceptor could enhance β-selectivity.33 
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1.4  Synthesis of N-glycosides 
The most common N-glycosides are nucleosides and deoxynucleosides. Synthetic methods 
for nucleosides have been published. Most of them are for β-nucleosides using neighboring 
group participation. This requires an acyl-protecting group at O-2 same as in O-
glycosylation. α-Nucleosides are much less common compared with β-nucleosides. 
Vorbrüggen34 has published many articles in the 70’s about β-nucleoside synthesis using 
sugar derivatives and silylated base. The reaction is activated by Lewis acid, TMSOTf being 
frequently used. Vorbrüggen method was named after him; it can also be called Hilbert-
Johnson method. This synthetic strategy has been applied in most of the studies, when β-
nucleosides were needed. The sugar derivatives are usually methyl- or acetyl 
ribofuranosides, but also halo- or thioribofuranosides are frequently used.  
 
The stereoselectivity of deoxynucleosides is more difficult to control, without the O-2 acyl-
group on the sugar ring the products are often mixtures of α and β anomers in 
deoxynucleoside synthesis. Three methods have been mentioned in earlier studies to 
overcome this difficulty: (1) Zhang and co-workers2 used O-3 acyl group participation; (2) a 
complicated method called intramolecular Vorbrüggen35 method where base moiety first 
coupled with O-5, and thus was forced to attack the anomeric carbon from β-side; (3) an 
indirect method involving reductive cleavage of 2’-O-thiocarbonyl group of ribonucleosides 
was proposed by Leonard’s group36 and Robins’ group.37 This is especially good for 
naturally occurring nucleosides. 
 
 
Scheme 24. 2’-Deoxygenation of 2’-O-OC(S)OC6H5-ribonucleosides.37 
 
1.4.1 1’,2’-cis-nucleosides 
Guindon and co-workers’ intention was to achieve high 1’,2’-cis stereoselective N-
glycosylation of different furanoses under kinetic control.38 Compared with 1’,2’-trans-
furanose, the nucleophilic base moiety had to reach the furanose moiety from the most 
hindered side in the synthesis of 1’,2’-cis-nucleoside, which required higher energy. Without 
the advantage of neighboring group participation, stereoselectivity was difficult to achieve.  
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In this study, silylated base moieties (thymine and cytosine) were used and of all four 
furanoses that were examined, yield and stereoselectivity were good (ratio > 20:1). The 




Scheme 25. Synthesis of α-thymidine and α-5-methylcytidine.38 
They also studied the N-glycosylation of C-2 substituted lactols with different C-2 
substituents. Lactol moieties with OBn and OTBS substituents showed high stereoselectivity. 
This proved that electron negative atoms at the C-2 position is the key controlling factor to 
achieve high 1’,2’-cis selectivity. The reaction probably proceeded via an SN2 displacement, 




Scheme 26. N-Glycosylation of C-2-substituted lactols 112-115.38 
Leaving group of the sugar moiety can also influence the reaction. Hanessian and co-
workers reported the synthesis of 1,2-cis-nucleosides based on the remote activation 
concept.4 This concept was earlier mentioned in the article from the same author.39 Using 3-
methoxy-2-pyridyloxide (MOP) and 2-thiopyridylcarbonate (TOPCAT) as leaving groups of 
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ribosyl derivatives 120 and 121, they were treated with silylated uracil, thymine, cytosine 
and 6-chloropurine moieties in the presence of TMS triflate or silver triflate, the reactions 
were highly stereoselective, giving α-ribonucleosides over 90%. Toluene was the best 
choice for solvent compared with benzene, dichloromethane, ether and DMF, while 




Scheme 27. N-Glycosylation of ribofuranosides 120 and 121 with MOP and TOPCAT 
leaving groups.4 
Based on experiment result, The D-ribosyl donors with MOP leaving group gave better yield, 
but reaction time was longer (18-24 h). On the other hand, TOPCAT required much shorter 
reaction time (0.5-6 h), but gave low yield.  
 
Seela and Winkeler41 presented another example of 1,2-cis-nucleoside synthesis. The target 
compounds were 9-β-D-arabinonucleosides that occurred naturally and they have shown 
some biological activities. The authors proposed a phase-transfer reaction of arabino-7-
deazaguanosine synthesis and investigated the influence of NaOH concentration on the 
reaction stereoselectivity. The base moiety was carefully protected, it had a bulky 
substituent at C-2 so the electrophilic attack of N-1 or N-3 during glycosylation was 
diminished and its solubility in organic solvents was increased. The nucleophilicity at N-7 
was increased by anion formation. 
 
	  	   23	  
The reaction was carried out in a biphasic reaction mixture of DCM and NaOH solution. 
The concentration of NaOH solution varied from 10% to 50%, and the results showed that 
low NaOH concentration led to low yield reactions. This could be explained by the solvation 
of the ion pair formed between the anion of pyrimidine and the benzyltriethylammonium 
counter ion.  
 
 
Scheme 28. N-Glycosylation of haloarbinoside 123 with silylated base.41 
They thought the reaction was likely to happen by an SN2 mechanism, because α-anomer of 
the halogenose was dominant, so the attack of the base moiety happened at β-side. However, 
the change in the α/β ratio due to the change of NaOH concentration was unexpected, the 
α/β ratio jumped from 1:1.4 to 1:4.7 when NaOH concentration increased from 10% to 50%. 
One explanation was the decomposition of the anomeric halogenoses. High β-selectivity 
could only be achieved when the NaOH concentration in aqueous phase was high and the 
amount of ‘free’ water should be as low as possible. 
α-Ribonucleosides are rare in nature, and synthetic methods for this type of compounds 
remained unexplored. Brown and Chandra have successfully synthesized α-indoline and α-
5,6-dimethylindoline nucleosides,42 but protection of the indoline as well as an expensive 
coupling reagent (2-fluoro-1-methylpyridinium tosylate) were involved in the multi-step 
process. In this study they reported a synthetic method where unprotected indoline could be 
used.43 
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Scheme 29. Synthesis of α-indoline 129-131.43 
Ribose 125 was coupled with indoline, dimethylindoline and 5-bromoindoline in ethanol or 
DCM for 4-7 hours. Based on NMR spectra, only α anomers were detected, the strong NOE 
between the indoline methylene protons in dimethylindoline ribonucleoside with one of the 
isopropylidene methyl’s was shown. 
 
1.5 1,2-trans-nucleoside and 1,3-trans-deoxynucleoside  
Unlike ribonucleoside, the synthesis of 2’-deoxy-ribonucleosides can’t take advantage of 2’-
O neighboring group participation. Zhang and co-workers reported a simple and highly 
stereoselective synthetic method for 2’-deoxy-β-ribonucleosides.2 The sugar moiety had 
different protecting groups at 3-O position, one example was 132 with N-acetyl-glycyl 
protection. The base moiety was silylated before the coupling reaction. The substituents with 
ester functionality at C-3’ worked as electron donors, they could stabilize the oxocarbenium 
intermediate through a 1’,3’-participation mechanism.  
 
Scheme 30. Synthesis of β-deoxynucleosides.2 
	  	   25	  
 
Scheme 31. 1’,3’-neighboring group participation.2 
Seventeen different C-3’ protecting groups were tested. Sugar moieties with acetyl and 
benzoyl group at C-3’ were least efficient in this reaction, they gave α-selectivity. Protecting 
groups containing S and P atoms also gave low β-selectivity. Sugar moieties with amine and 
amide functionalities were much more efficient, and 132 gave the best result. With all four 
base moieties, 3-O-(N-acetyl)-glycyl deoxyribose provided high β-selectivity in the 
nucleoside synthesis. This protecting group could be easily cleaved by hydrolysis in base 
solution.  
 
Robins and co-workers intended to synthesize 2-chloro-2’-deoxyadenosine (CdA), which 
had been used in the treatment of hairy cell leukemia44 and other neoplasms.45 CdA was 
synthesized earlier using enzymatic glycosyl transfer methods,46 Robins’ group47 prepared 
CdA from 2’-deoxyguanosine with ~ 70% overall yield as well. 
However, in this study a better method with higher regio- and β-stereoselectivity was 
introduced.5 The powerful influence of solvent combination on the stereoselectivity without 
neighboring group participation was shown. The best binary solvent system was DCM for 
chlorosugar and ACN for base moiety. Highly stereoselective reactions between lipophilic 
substituted purines and chlorosugar were observed.  
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Scheme 32. Synthesis of β-deoxynucleosides.5 
Jung and Castro presented an intramolecular Vorbrüggen reaction for the synthesis of 2-
deoxypyrimidine with high β-selectivity.35 They thought that if pyrimidine base was 
attached to the O-5 position of a 2-deoxyribose, addition to the anomeric center could only 
happen from β-side. 
 
The reaction started from D-ribose 142, in 6 steps both hydroxyl groups at C-1 and C-2 were 
eliminated,48 and 143 was formed. From this, 144 was produced in good yield, this was 
followed by an oxymercuration-reduction where C-1, C-2 double bond was hydrated. After 
some work-ups, the pyrimidine was treated trimethylsilyl triflate to produce a mixture of 
two products: the desired 148 (19%) and its hydrolysis product 149 (24%). Later 90% of the 
148 was hydrolyzed to give β-anomer of 149, which made the overall yield ~ 40%. During 
this intramolecular Vorbrüggen reaction, no α-anomer was detected.  
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Scheme 33. Intramolecular Vorbrüggen reaction in the synthesis of β-deoxynucleoside.35 
Sugimura and co-workers6 reported that N-bromosuccinimide (NBS) -promoted reaction 
between deoxyfuranosides and silylated pyrimidine bases affording β-nucleosides in a 
highly selective manner. Hanessian39 introduced the NBS promotion system in order to 
activate thioglycosides under mild condition. Sugimura thought the reaction went through in 
situ anomerization, where the ionic intermediates were first in equilibrium and then 
anomerized to the sterically favored β-conformation.  
 
 
Scheme 34. NBS promoted deoxynucleoside synthesis.6 
 
Isopropylidene protected sugar 150 proved to be the best protection group under the selected 
reaction condition. When NBS catalyst was replaced by NIS/TMSOTf, the stereoselectivity 
was lost. This suggested that the combination of thioglycoside and NBS was indispensable 
for the β-selectivity. The influence of solvent was also taken into consideration; better 
results were given by less polar solvents like benzene. Polar solvent might affect the ionic 
intermediates and dissociate the ion pairs, so the β-selectivity would be weakened. 
 
The couplings between thioglycosides and purines were more difficult due to the bulkiness 
of purine bases, as well as the problem of regioselectivity. But the pattern of how protecting 
groups behave was the same as in the case of pyrimidine. 
Aoyama3 studied the stereoselectivity of the coupling reaction between silylated pyrimidine 
such as 153 and deoxyribofuranosyl chloride 152. β-Nucleoside was produced in the 
presence of Brönsted acids. However, adding of a base such as pyridine, converted the 
stereoselectivity, the β/α ratio was in proportion to the concentration of the base. Based on 
this study, the conclusions were: 
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1. In the presence of Brönsted acids (p-nitrophenol), the coupling reactions give β-
nucleoside in high yields. The β-selectivity was affected by the substituent at C-5 of 
silylpyrimidine, an electron releasing substituent seemed to give better β/α ratio. 
2. In addition to Brönsted acid, when a base was added, the stereoselectivity was 
converted. 
3. Not only pyridine, but also other organic bases (e.g. 2,6-Lutidine, triethylamine) or 
their salts also had the same effect on the reaction. 
4. The α-selecticity was also affected by the substituent in C-5 of silylpyrimidine, an 
electron attracting substituent seemed to give more α-anomer. 
 
 
Scheme 35. Influences of acid and base in nucleoside synthesis.3 
 
Hayashi and co-workers49 worked on the synthesis of novel nucleosides and their 
stereoselectivities. They first examined the nature of Lewis acids (Me3SiOTf, SnCl4, and 
BF3⋅OEt2) and leaving groups (OAc and F). The result showed that BF3⋅OEt2 worked well in 
the reaction when more than 3.7 equivalents were used; after that as the amount of Lewis 
acid was increased α-ratio was reduced. This suggested that α to β conversion was promoted 
by Lewis acid. They assumed that the anomerization of the nucleoside proceeded via the 
oxocarbenium ion and this was catalyzed by Lewis acid. 
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The reaction time and temperature could also affect β-selectivity: the amount of undesired α-




Scheme 36. Synthesis of β-nucleosides.49 
The reactions with 157 also proceeded in good yields and excellent β-selectivity. Use of 
silylation reagent was not necessary because 157 are more nucleophilic compared with 155. 
 
 
Scheme 37. Synthesis of β-nucleosides.49 
Thuong and Chanteloup50 proposed the synthesis of 2’-O-alkyl ribonucleosides using 159 
and silylated base under Vorbrüggen condition. The glycosylation proceeded rapidly with 
good yield and high stereoselectivity. Five different bases were tested; each reaction gave 
excellent stereoselectivity (ratio ≥ 95:5). The synthesized nucleosides could be selectively 
deprotected and transferred to 3’-O-phosphoramidite building blocks. 
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Scheme 38. Synthesis of β-nucleosides.50 
 
1.4.3 Other N-glycosides 
Glycosyl azides51 are valuable building blocks for carbohydrate compounds, as a precursor 
to glycosylamines. Reaction between trimethylsilyl azide (TMSN3) with 34 succeeded when 
BF3·H2O was used at -78 °C. 100% of the product was β-anomer. However, the reaction of 
46 produced disaccharide glycosyl azide 163 as a byproduct, this could be avoided by using 
the nucleophile in excess (in this study 10 equiv) 
 
 
Scheme 39. Synthesis of β-glycosyl azide.51 
 
Scheme 40. Synthesis of β-glycosyl azide.4 
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1.5   C-glycosides 
Carbon-linked glycosides are stable in chemical and metabolic degradation; they can serve 
as glycosyl regulators and as synthetic ligands for probing cellular interactions.52 Their 
synthesis also demand high stereoselectivity. 
Woerpel and co-workers demonstrated that the electronic and stereoelectronic effects 
control the selectivity.13 They investigated how changing substituent at C-2, C-3 or C-4 of 
the oxocarbenium ion intermediate would affect the stereoselectivity of glycosylation. 
C-3 substituent had a strong influence on the stereoselectivity, nucleophile added to the 
same face where the C-3 alkoxy substituent was; this fact proved that C-3 substituent was 
the crucial factor that controlled the approach of the nucleophile. The selectivity was 
reversed when the alkoxy substituent was replaced by a methyl group. Regardless of what 
alkoxy substituent was used at C-3 position, 1,3-cis-glycoside was the major product. In 
addition, by comparing sugar moieties with 3-alkyl and 3-aryl substituent showed that steric 




Scheme 41. Influence of C-3 substituent on stereoselectivity.13 
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Experiments proved that C-2 substituent had some effect on the selectivity but it was not the 
dominant factor; and C-4 substituent had no influence on how nucleophile attacked. 
 
 




Scheme 43. Influence of C-4 substituent on stereoselectivity.13 
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Later on Woerpel and co-workers14 proposed that not only the inside attack on the 
diequatorial oxocarbenium ion could afford the major product, but also an outside attack on 




They deduced that if the oxocarbenium ion could be locked into only one conformation, they 
could reveal the inside versus outside attack. Such example could be a bicyclic 
oxocarbenium ion: a short chain that restricted C-3 and C-5 together. In this condition only 
diequitorial conformer was accessible. 
 
A six-five ring system showed low selectivity regardless of the solvent and Lewis acid that 
were used, but an eight-five ring system afforded much higher selectivity. In the eight-five 
ring system, although outside attack was not sterically disfavored, inside attack gave > 90 % 
selectivity. This must be the result of steric interactions that form within the ring system 
during outside attack. The oxocarbenium intermediate underwent a significant change in its 
3D structure when attacked by a nucleophile. 
 
To investigate the nucleophilic attack on silyl-protected 2-deoxyribosyl donor 180,15 the O-3 
and O-5 position was protected by a disiloxane ring (8-membered). One eight-membered 
ring 178, two nine-membered rings fused to the sugar moiety 182 and 184 were also 
synthesized; they were used here to give direct comparison with 180. Reactions were carried 
out under similar condition. This ensured that the difference in selectivity was only 
correlated to sugar structure. Allyltrimethylsilane was used as the nucleophile. 
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Scheme 44. Synthesis of C-glycosides.15 
 
The nucleophilic substitutions of 178 and 180 gave 1,3-cis selectivity, this produced α-C-
glycosides. Acceptors 178, 180 and 182 had electron negative oxygen at C-3, this could 
stabilize electrostatic interactions with the oxocarbenium ion intermediate, so the cation 
prefered the diaxial comformation. However, 184, in which the oxygen was not directly 
attacked to C-3 gave opposite selectivity. In general, a 9-membered bicyclic system gave 
better selectivity, which suggested that its oxocarbenium ion had a greater ability to adopt a 
diaxial conformation due to its lager ring size. The decreased selectivity was probably 
caused by the outside attack of the nucleophile on the diequatorial conformer. 
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The synthesis of α-C-D-arabinofuranose-(1->5)-α-D-arabinofuranose made by Guijar’s 
group52 proceded via coupling, dehydration, selective reduction and denitration. 
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1.6  S-glycosides 
The specific biological activities of S-glycosides reported are relative rare compared with 
other glycosides, but they are often applied as intermediates in the synthesis of disaccharides 
and nucleosides. The conformations of them are often not the concerned, since α-, β-S-
glycoside or a mixture of both gives products with identical stereoselectivity, when the 
reaction goes through an oxocarbenium intermediate. 
 
As mentioned above, different thioglycosides have been synthesized to serve as glycosyl 
donors in the synthesis of O-glycosides. Thioglycosides as glycosyl donor in the synthesis of 
N-glycosides were also reported.6,51 
 
 
Figure 1. Some examples of thioglycosides.1,28 
 
For example α-thiocresyl arabinofuranosides 21 and 22 were formed from the mixture of 
acetate arabinofuranoside anomers over 80%.1 Thio-p-tolyl deoxyribofuranoside 191 was 
used in the synthesis of nucleoside,53 the resulting product was obtained in 92% yield as an 




Scheme 46. Synthesis of Thio-p-tolyl deoxyribofuranoside 191.53 
  
In Boon’s and Zhu’s research,29,54 α-thiophenyl arabinofuranoside was synthesized but the 
method and α/β ratio were not mentioned. Lowary’s group used thiotolyl ribofuranoside and 
lyxofuranoside as well as ribo- and lyxofuranosyl sulfoxide as glycosyl donors, but the 
stereochemistry of them has no influence on the results of glycosylation.27c 
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1.7    Conclusions and Discussions 
As summarized above, various synthesis of furanose related compounds have been 
published. Both sterically favored and unfavored glycosylations can be achieved in more 
than one way. The most important two types of glycoside are oligosaccharide and 
nucleoside. Many applications for furanose derivatives have been found, such as S-linked 
oligosaccharides used as inhibitor of the β-galactosidase (hydrolase enzyme) from 
Penicillium Fellutanum10 (fungi); Oligosaccharides with O-linkage have been applied to the 
field of glysyltransferase substrates22 or inhibitors,23 they are important part of many low 
organism, for example arabinogalactan (contains arabinose and galactose residues) is part of 
the protective cell wall of a mycobacteria Mycobacterium tuberculosis;21a and well known 
nucleoside/nucleotide is the molecular building block of DNA. Because of such various 
application and existence, studies have started since 1960s and continue still. While most of 
the studies of O-glycosides are about arabinofuranoses, nucleoside studies concentrate on 
ribofuranoses. Neighboring group participation is still the most promising way in 
glycosylation reaction, also cyclic protection at O-3 and O-5 has gained attention in recent 
years. The 2,3-anhydrosugar developed by Lowary’s group27 and 1,3-participation 
developed by Zhang2 also gave high stereoselectivity when O-2 or O’-2 protecting group is 
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2  Experimental Section 
2.1 Introduction 
The experimental part of my master thesis is about the synthesis and modification of 2’-
deoxyuridine. The deoxyuridine is synthesized from protected sugar and silylated base 
moiety using Vorbruggen method. 5-substituted deoxyuridines have been widely 
synthesized while the 6-substituted derivatives are much less abundant, due to the 
reactivity at the 6-position. My intention was to introduce a substituent into 6- position of 
5-bromo deoxyuridine following the studies of Ueda and his co-workers.55,56 The synthesis 
may lead to uridine analogs that have potential chemotherapeutic values. This synthetic 
pathway can avoid the use of strong base to deprotonate the proton at 6-position, which 
was done in some previous studies.57,58 Although 3’-(N-acetyl)-glycyl protecting group 
leads predominantly to β-anomer in the nucleoside synthesis,2 silyl group should be more 
compatible in the later reactions. The synthesis of 3’-TBDMS-5’-TBDPS-6-CN-
deoxyuridine from deoxyribose requires eight steps, it is time- and reagent-consuming, and 
so a model compound with similar structure was synthesized and used to test the reactivity 
of nitrile group towards different reagents. The model compound is readily available in 3 
steps and can be produced in a larger scale compared to the nucleoside. The synthetic 
pathways to both are shown below: 
 
Scheme 47. Synthetic pathway of 3’-TBDMS-5’-TBDPS-6-CN-deoxyuridine 
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Scheme 48. Synthetic pathway to different 6-substituted uracil molecules 
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2.2 Experiments 
2.2.1 Synthesis of 1-O-methyl-deoxyribose 103 
 
 M(g/mol) n(mmol) m(g) eqv V(ml) 
2-deoxy ribose 
192 
134.13 40 5.37 1  
AcCl 78.49 2.25 0.18 0.056 0.16 
MeOH 32.04 1.33 42.76 33.36 54 
1-Me-
deoxyribose 193 
148.16 42 6.27 1.06  
 
A solution of 2-deoxy-D-ribose 192 (5.37g, 40 mmol) in 54 ml of dry methanol with 160 
µl of acetyl chloride was stirred for 1 hour. After adding small amount of pyridine (to 
neutralize acetyl chloride), the solvent was evaporated. The product 193 was used 
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2.2.2 Synthesis of 1-O-methyl-5-TBDPS-deoxyribose 194 
 
 M(g/mol) n(mmol) m(g) eqv V(ml) 
1-O-Me-
deoxyribose 193 
148.16 42 6.27 1.1  
TBDPSCl 278.86 36.4 10.00 1  
DMAP    cat.  




386.56 33 12.77 0.79  
 
A solution of 193 (6.27g, 42 mmol) in 20 ml of dry pyridine was evaporated; this process 
was repeated once.  A catalytic amount of DMAP (ca. 30-50 mg), 40 ml of pyridine, 10 g 
of tert-butyldiphenylsilyl cloride (TBDPSCl) and 2 were mixed and stirred for 18 hours. 
The reaction was followed with TLC. 
Most pyridine was evaporated, and then 100 ml of EtOAc and 100 ml of water was added. 
The organic phase was collected and the aqueous phase was extracted with 2 x 150 ml of 
EtOAc, The combined organic phases were washed with 2 x 250 ml of saturated CuSO4 
solution and 100 ml of water. The organic phase was then dried with MgSO4, filtered and 
evaporated. 
TLC eluent was hexane: EtOAc = 3:7, Product Rf values were 0,85 and 0.79 for the 2 
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2.2.3 Synthesis of 1-O-methyl-3-N-AcGly-5-TBDPS-deoxyribose 195 
 




386.56 30 12.77*0.9 1  
DCC 206.33 45 9.2 1.5  
N-AcGly 117.10 45 5.22 1.5  
ACN     120 





485.14 26 12.69 0.87  
 
Approximately 90% of the unpurified product from the previous reaction, 1-O-Me-5-
TBDPS-deoxyribose 194 was dissolved in 60 ml of acetonitrile (ACN) and the solvent was 
evaporated. To a solution of 12.77 g of 194 and 5.22 g of N-acetyl-glycine in 65 ml of 
ACN, 9.2g of N,N’-Dicyclohexylcarbodiimide (DCC) together with 60 ml of ACN were 
added. The mixture was allowed to react for 70 hours. 
After 70 hours, the reaction hadn’t started so a catalytic amount of DMAP (ca. 30-50 mg) 
was added and the reaction started immediately. 0.5 Equivalent of DCC and N-AcGly was 
added. 
Twenty-four hours after the addition of DMAP, the reaction had completed. The mixture 
was filtered using a Büchner funnel; the precipitation was washed twice with 50 ml of 
ACN. The filtrate was mixed with 20 ml of MeOH and filtered again. The solvent was 
evaporated and the mixture was dissolved in ~50 ml dichloromethane (DCM) and was 
divided equally into two round bottomed flasks and they were evaporated. 
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The first half of the product (~8.9g) was purified by flash chromatography using gradient 
MeOH/DCM eluent system (MeOH 0% - 5%); Fractions containing the product with the 
reagent N-Ac-Gly was collected (fraction 12-22, its purity checked with NMR and TLC), 
so it was impure. 
The product was washed with saturated NaHCO3 solution but this didn’t help. 
The second half of the product (~10 g) was purified by flash chromatography using 
Hexane/EtOAc eluent system (Hexane:EtOAc was 1:1 in the beganning and the amount of 
EtOAc was gradually increased to 100%); the pure product was collected from fraction 51-
135. 
 
1H NMR (CDCl3 500 MHz): δ = 7.72-7.64 (m, 4H; TBBPS-Ph), 7.46-7.35(m, 6H; 
TBDPS-Ph),  5.46-5.32 (?, 1H; 1), 5.14-5.08 (m, 1H; 3), 4.13-4.03 (m, 1H; 4), 4.0-3.9 (m, 
1H; 5), 3.73 (s, 2H; N-AcGly-CH2), 2.47-2.28 (m, 2H; 2), 2.04 (d, 3H; N-AcGly-CH3), 
1.05( d, 9H; TBDPS-C(CH3)3); 
13C(CDCl3 500MHz): δ = 170.3 (-N-C=O), 169.7 (-O-C=O), 135.8, 133.4, 130.0, 127.9 
(Ph), 105.6 (1), 84.0 (4), 75.8 (3), 64.6 (5), 43.5 (N-AcGly-CH2), 41.5 (N-AcGly-CH3),  
39.2 (2), 27.0 (Si-C(CH3)3), 23.2 (O=C-CH3), 19.3 (Si-C(CH3)3) 









	  	   44	  
2.2.4 Synthesis of 3’-N-AcGly-5’-TBDPS-deoxyuridine 1962 
 
 M(g/mol) n(mmol) m(mg) eqv V(ml) 
Uracil 112.09 0.5 576 1.25  
(NH4)2SO4 132.14 0.05 68 0.125  




485.64 0.4 2000 1  
TMSOTf 222.26 1.25 2862 3.125  
DCE     14 
TEA 101.19 1.25 1304 3.125 1.8 
3’-N-AcGly-5’-
TBDPS-dUrd 196 
565.69 0.4 1390 0.61  
 
Trimethylsilylated uracil was prepared first in situ. 576 mg of uracil and 68 mg of 
(NH4)2SO4 were weighed into a two-necked flask, then 40 ml of dichloroethane (DCE) was 
added. HMDS (2.7 ml) was added through the septum using a syringe. The mixture was 
refluxed for 2 hours in an argon atmosphere and then cooled to room temperature. Two 
grams of 195 was dissolved in 40 ml of DCE and added to the reaction mixture. The 
mixture was refluxed for 1 hour and cooled to room temperature in 45 min and finally in 
an ice bath for 30 min. Trimethylsilyl trifluoromethanesulfonate (TMSOTf) in 60 ml of 
DCE was added and the mixture was stirred at room temperature for 17 hours. 
Triethylamine (TEA) was added to the mixture to neutralize the Lewis acid. Then 27.5 ml 
of saturated NaHCO3 was added and the mixture was transferred to a separatory funnel 
with 150 ml of chloroform and 100 ml of water. The organic phase was collected and the 
aqueous phase was washed with 3 x 50 ml of chloroform. After checking the pH (>7) of 
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the water phase, all organic layers were combined, washed with 3 x 100 ml of a.q. NaCl, 
dried, filtered and evaporated. 
The crude product was dissolved in 3:1 EtOAc: hexane solution, most of the uridine beta 
anomer precipitated and was filtered. The filtrate containing the product was added to a 
silica column and elueted with EtOAc. 3 different fractions were collected: α anomer, 
mixture of both anomers and β anomer, only β anomer was saved for the next step. 
1H NMR (CDCl3 500 MHz): δ = 8.72 (s, 1H; Ura-NH), 7.75(d, 1H; 6), 7.69-7.59(m, 4H; 
Ph), 7.50-7.37(m, 6H; Ph), 6.35 (dd, 1H; 1’), 5.46(ddd, 1H; 3’), 5.42(dd, 2H, 5), 4.08(s, 
2H; 4’), 3.97 (m, 1H; 5’), 3.73 (s, 2H; N-AcGly-CH2),  2.54-2.47 & 2.32-2.24 (m, 2H; 2’), 
2.03(s, 3H; N-AcGly-CH3), 1.05( d, 9H; (CH3)3C); 
13C(CDCl3 500 MHz): δ = 170.5 (-N-C=O), 169.8 (-O-C=O), 162.9 (4), 150.3 (2), 139.6 
(6), 135.4, 130.2, 128.2 (Ph), 102.9 (5), 85.1 (4’), 84.8 (1’), 76.0 (3’), 64.2 (5’), 41.6 (N-
AcGly-CH2), 38.4 (2’), 27.2 (TBDPS-C(CH3)3), 23.0 (N-AcGly-CH), 19.5 ((CH3)3C-Si),  
NOESY correlation: H5-H6, H1’-H2’, H1’-H4’, H3’-H2’, H3’-H4’, H3’-H5’, one of H2’ – 
H6 (beta anomer),  C(CH3)3-Ph 
From NOESY spectrum (appendix 3) we can see that N-Ac-Gly protecting group is 
missing.  
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2.2.5 Synthesis of 5’-TBDPS-deoxyuridine 197 
 




565.69 2.03 1150 1  
1M NaOH     60 
THF     60 
100% Acetic 
acid 
    3.2 
5’-TBDPS-
dUrd 197 
466.60 1.85 864 0.91  
 
Starting material 196 (1.15 g, 2.03 mmol) was dissolved in 120 ml of 1:1 THF: 1M NaOH. 
The mixture was stirred for 25 min and according to TLC the reaction was complete. By 
end the reaction 3.2 ml of 100% acetic acid was added. The mixture was then transferred to 
a separatory funnel and two phases were separated. The aqueous phase was extracted with 
3 x 130 ml of EtOAc and all combined organic phases were washed with 3 x 130 ml of a.q. 
NaCl, dried with MgSO4, filtered and evaporated. 
1H NMR (CDCl3 300 MHz): δ = 7.78 (d, 1H; 6), 7.68-7.60(m, 4H; Ph), 7.48-7.36(m, 6H; 
Ph), 6.32 (dd, 1H; 1’), 5.46 (d, 1H, 5), 4.6-4.5 (m, 1H, 3’), 4.00-3.94, 3.80-3.74 (m, 2H, 
5’A + 4’), 3.92-3.86 (m, 1H,5’B), 2.47-2.38 & 2.25-2.15 (m, 2H, 2’), 1.08 (s, 9H; 
(CH3)3C) 
TLC eluent was hexane : EtOAc = 1:3, Rf= 0.28 
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2.2.6 Synthesis of 3’-TBDMS-5’-TBDPS-deoxyuridine 19859 
 
 M(g/mol) n(mmol) m(mg) eqv V(ml) 
5’-TBDPS-
dUrd 197 
466.60 2.64 1230 1  
TBDMSCl 150.72 3.53 530 1.34  
Imidazole 68.08 6.59 450 2.5  




580.86 2.44 1420 0.92  
 
To a solution of starting material 197 (1.23 g, 2.64 mmol) in DMF, 0.53 g of tert-
butyldimethylsilyl cloride (TBDMSCl) and 0.45 g imidazole were added. The mixture was 
heated in a 37 °C oil bath. After 24 hours 0.2 g (0.5 eqv) of TBDMSCl was added and after 
48 hours the reaction was complete, the mixture was diluted with 50 ml of water and 
extracted using 3 x 30 ml of hexane. The organic phase was dried, filtered and evaporated. 
The product was used unpurified in the next reaction. 
1H NMR (CDCl3 500 MHz): δ = 7.93 (Ura-NH), 7.82 (d, 1H; 6), 7.66-7.60(m, 4H; Ph), 
7.47-7.36(m, 6H; Ph), 6.32 (dd, 1H; 1’), 5.44 (dd, 1H; 5), 4.58-4.46 (m, 1H; 3’), 4.00-3.94 
& 3.80-3.74 (m, 2H; 5’), 3.92-3.86 (m, 1H; 4’), 2.45-2.40 & 2.12-2.05 (m, 2H; 2’), 1.09 (s, 
9H; TBDPS-(CH3)3C), 0.91 (s, 9H; TBDMS-(CH3)3C), 0.05 & 0.02 (s, 6H; Si-CH3) 
13C(CDCl3 500 MHz): δ = 162.8 (4), 149.9 (2), 140.2 (6), 135.8, 130.1, 128.2 (Ph), 102.5 
(5), 87.7 (4’), 85.3 (1’), 71.4 (3’), 64.5 (5’), 42.0 (2’), 27.0 (TBDPS-(CH3)3C), 25.8 
(TBDMS-(CH3)3C-Si), 17.9 ( TBDMS-Me) 
TLC eluent was 100% diethyl ether, Rf = 0.76, Rf for starting material was 0.13. 
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2.2.7 Synthesis of 3’-TBDMS-5’-TBDPS-5-Br-deoxyuridine 19955 
 




580.86 2.44 1420 1  
DBH 285.92 1.47 420 0.6  




659.76 2.62 1730 1.07  
 
To a solution of 198 (1.42 g, 2.44 mmol) in 20 ml of dry DMF, 0.42g of 1,3-dibromo-5,5-
dimethylhydantoin (DBH) was added. The mixture was stirred over night at room 
temperature. 
The synthesis was complete after 17 hour. The reaction was stopped by adding 100 ml of 
1:3 saturated aqueous NaHCO3 solution and 100 ml of ether. The mixture was transferred 
to a separatory funnel and the two phases were separated. The organic phase was washed 
with 3 x 50 ml of 3% LiCl solution; the aqueous phase was extracted with 50 ml of ether. 
Two organic phases were combined, dried with MgSO4, filtered and evaporated. The 
product was used unpurified in the next reaction. 
 
1H NMR (CDCl3 500 MHz): δ = 8.33 (broad, ura-NH), 8.07 (s, 1H; 6), 7.7-7.6(m, 4H; Ph), 
7.5-7.35(m, 6H; Ph), 6.28 (dd, 1H; 1’), 4.4 (d, 1H, 3’), 3.95-3.91, 3.75-3.72 (m, 2H, 5’), 
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3.95 (s, 1H, 4’), 2.37-2.33 & 2.11-2.05 (m, 2H, 2’), 1.10 (s, 9H; TBDPS-(CH3)3C) and 
0.86 (s, 9H; TBDMS-(CH3)3C), 0 (s, 3H, Si-CH3) 
13C(CDCl3 500 MHz): δ = 158.8 (4), 149.2 (2), 139.3 (6), 135.6, 132.3, 130.3, 128.2 (Ph), 
96.9 (5), 88.5 (4’), 86.0 (1’), 72.7 (3’), 63.9 (5’) 42.1 (2’), 27.2 (TBDPS-(CH3)3C), 
25.8(TBDMS-(CH3)3C), 18.2 (TBDMS-CH3) 
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2.2.8 Synthesis of 3’-TBDMS-5’-TBDPS-6-CN-deoxyuridine 20056 
 




659.76 2.62 1730 1  
KCN 65.12 3.15 200 1.2  




605.87 1.16 700 0.44  
 
To a solution of 199 (1.73 g, 2.62 mmol) in 60 ml of dry DMF, 0.2g of KCN was added 
and mixture was stirred for 65 hours. 
Once the reaction was complete after 3 days, the mixture was diluted to 100ml with 3% 
LiCl solution and was extracted with 3 x 30 ml of ether. The ether phases were combined 
and washed with 50 ml of 3% LiCl solution, dried with MgSO4, filtered and evaporated. 
The product was additionally washed with 3 x 25 ml of 3% LiCl solution. 
Crude product: 1.11 g 
The crude product was purified by column chromatography using 3:1 hexane: EtOAC as 
the eluent. 
Fractions 8-16 contained desired product 200. 
1H NMR (CDCl3 500 MHz): δ = 8.73 (s, 1H; Ura-NH), 7.72-7.63(m, 4H; Ph), 7.43-
7.32(m, 6H; Ph), 6.35 (dd, 1H; 1’), 6.27 (s, 1H; 5’), 4.43-4.35 (m, 1H; 3’), 3.95-3.85 (m, 
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3H; 4’ + 5’), 2.63-2.53 and 2.28-2.16 (m, 2H; 2’), 1.06 (s, 9H; TBDPS-(CH3)3C) and 0.84 
((s, 9H; TBDMS-(CH3)3C)), 0.01 (s, 6H; TBDMS-CH3) 
13C(CDCl3 500MHz): δ = 159.7 (4), 148.5 (2), 135.8, 133.5, 129.9, 127.7 (Ph), 126.9 (6), 
113.7 (5), 111.0 (CN), 88.1 (4’), 86.2 (1’), 71.5 (3’), 63.7 (5’), 39.3 (2’), 27 (TBDPS- 
(CH3)3C), 25.8 (TBDMS-(CH3)3C). 17.9 (TBDMS-CH3) 
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2.2.9 Synthesis of 6-ethyl-3’-TBDMS-5’-TBDPS-dUrd 20160 
 




605.87 0.17 100 1  
EtMgBr 133.27 1.36 + 0.34 220 8 + 2  
ZnCl2 (1.0M in 
ether) 




608.92  30 0.3  
 
The Grignard reagent was prepared as follows: 
Twenty equivalent of Grignard reagent EtMgBr was prepared. 80 mg Mg and a crystal of 
I2 were set into a flask, and 10 ml of dry THF was added. 0.245 ML of EtBr was diluted 
using 0.75 ml of THF; it was slowly injected to the flask. When all the EtBr solution was 
added, the mixture was stirred at room temperature for 15 minutes then refluxed for 30 
minutes and cooled. 
Four ml of EtMgBr solution (8 eqv) was transferred to another flask, where there were 100 
mg of the starting material 200 dissolved in 7 ml of dry THF and 20 µl of 1M ZnCl2-
diethyl ether solution cooled in an ice bath. The reaction mixture was stirred for 3 hours at 
0 °C, but the reaction was not complete, so 1ml of EtMgBr solution (2 eqv) was added. 
One hour later the reaction was finished. The mixture was warmed to room temperature; 
10 ml of saturated NH4Cl solution was added. THF was evaporated; 20 ml of water and 20 
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ml of CHCl3 were added then two phases were separated. The aqueous phase was extracted 
with 10 ml of CHCl3 3 times. The organic phase was dried with MgSO4, filtered and 
evaporated. 
The crude product was purified with column chromatography using 3:1 hexane: EtOAC as 
the eluent. 
 
1H NMR (CDCl3 300 MHz): δ = 8.05 (s, 1H, Ura-HN), 7.7-7.6 (m, 4H; Ph), 7.4-7.28 (m, 
6H; Ph), 5.94 (dd, 1H; 1’), 5.56 (s, 1H, 5), 4.57-4.49 (m, 1H, 3’), 3.91-3.79 (m, 3H, 4’+ 
5’), 2.94-2.83 and 2.08-1.97 (m, 2H, 2’), 2.5 (m, 2H; Ura-CH2), 1.16 (t, 3H, Ura-CH3), 
1.05 (s, 9H; TBDPS-(CH3)3C) and 0.85 (s, 9H; TBDMS-(CH3)3C), 0 (s, 3H, Si-CH3) 
13C(CDCl3 300MHz): δ = 162.7 (4), 158.7 (6), 150.1 (2), 135.6, 133.5, 129.5, 127.6 (Ph), 
101.0 (5), 87.6 (4’), 85.0 (1’), 72.1 (3’), 64.1 (5’), 38.3 (2’), 29.7 (CH3 of ethyl), 27 
(TBDPS-(CH3)3C), 26.2 (CH2 from ethyl), 25.8 (TBDMS-(CH3)3C) 
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2.2.10  Synthesis of 5-Br-1-THP-Ura 20361 
 
 M(g/mol) n(mmol) m(mg) eqv V(ml) 
5-Br-uracil  190.98 26.2 5000 1  
HMDS 161.40 48.0 7597 1.83 10.0 
(NH4)2SO4 132.14 2.6 345 0.1  
1-Cl-THP 120.58 12.6 1519 1.2  
5-Br-1-THP-Ura 
203 
275.10 11.8 3250 0.45  
 
To a solution of 5 g of 5-bromouracil and 345 mg of (NH4)2SO4 in 70 ml of dry ACN, 10 
ml of HMDS was added. The mixture was refluxed for 2 hours and cooled. ACN was 
removed by distillation. 
To a solutiong of 3 ml of 3,4-dihydropyran (DHP) in 10 ml of ether, HCl gas generated 
from NaCl salt and concentrated H2SO4 was bubbled through the flask for 2 hours. Finally 
argon gas was bubbled through the flask. The solvent was removed. 
The silylated 5-Br-uracil 202 and 1-Cl-THP were then mixed using 50 ml of ACN and the 
mixture was stirred for 16 hours, then the solvent was evaporated. 80 ml of EtOAc and 80 
ml of water were added. Insoluble part was suction filtered, the water phase was extracted 
with 3 x 80 ml of EtOAc, and all organic phases were combined, dried with MgSO4, 
filtered and evaporated. The crude product did not need further purification. 
 
1H NMR (DMSO 300 MHz): δ =  11.82 (broad, 1H; NH), 8.01 (s, 1H; 6), 5.45 (d, 1H; 1’), 
4.04-3.94 and 3.63-3.5 (m, 2H; 5’), 1.9-1.4 (m, 6H; 2’,3’,4’) 
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1H NMR (CDCl3 300 MHz): δ =  8.46 (broad, 1H; NH), 7.76 (s, 1H; 6), 5.54 (d, 1H; 1’), 
4.20-4.10 and 3.73-3.63 (m, 2H; 5’), 2.05-1.45 (m, 6H; 2’,3’,4’) 
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2.2.11  Synthesis of 6-CN-1-THP-Ura 1356 
 
 M(g/mol) n(mmol) m(mg) eqv V(ml) 
5-Br-1-THP-Ura 
203 
275.10 6.05 1666 1  
KCN 65.12 9.08 590 1.5  
DMF     100 
6-CN-1-THP-
Ura 204 
221.21 3.6 800 0.6  
 
To a solution of 203 (1.66 g, 6.05 mmol) in 100 ml of DMF, 0.59 g of KCN was added. 
The reaction was stirred overnight and followed with TLC. 
DMF was distilled and the mixture was dissolved in methanol, insoluble part was filtered, 
the crude product was adsorbed to silica. 
The crude product was purified with column chromatography (eluent 0-5% MeOH : 100 – 
95% DCM) 
The fractions from column chromatography were combined and evaporated. The residue 
was dissolved in ether and cooled in freezer. A precipitate formed and it was filtered. The 
filtrate was put in freezer again. 
Pure product 204 was 1.35g, and 0.3g product where 25 % was starting material, this was 
from the second recrystallization. 
1H NMR (DMSO 300 MHz): δ =  11.92 (broad, 1H; NH), 6.64 (s, 1H; 5), 5.71 (d, 1H; 1’), 
4.12-4.03 and 3.67-3.55 (m, 2H; 5’), 2.05-1.43 (m, 6H; 2’, 3’, 4’). 
TLC eluent was MeOH :DCM = 2:98, Rf = 0.4. 
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2.2.12  Synthesis of 6-ethyl-1-THP-Ura 20560 
 
 M (g/mol) n(mmol) m(mg) eqv V (µl) 
6-CN-1-THP-
Ura 204 
221.21 0.45 100 1  
Mg 24.3 3.6 88 8  
EtBr 108.97 3.6 392 8 270 
1M ZnCl2 in 
ether 
136.32 0.045 6 0.1 45 
6-Et-1-THP-Ura 
205 
224.26 - detective -  
 
The Grignard reagent was prepared as follows: 
To a flask 88 mg of magnesium, 10 ml of dry THF and a small piece of iodine was added. 
270 µl of distilled EtBr was mixed with 0.75 ml of THF and the mixture was injected to 
the flask. The flask was warmed a little bit and the mixture was stirred at room temperature 
for 30 min, refluxed for 20 min and allowed to cool to room temperature. 
100 mg of 204 was dissolved in 7 ml of THF, 45 µl of 1M ZnCl2 ether solution was added 
and the mixture was cooled in an ice bath. Pre-prepared Grignard reagent EtMgBr was 
injected to the flask. The mixture was stirred for 3 hours in ice bath and then warmed to 
room temperature. Next 10 ml of saturated NH4Cl solution was added and THF was 
evaporated, after this 20 ml of both water and chloroform were added and phases were 
separated. Aqueous phase was extracted with 3 x 10 ml of CHCl3; the organic phases were 
dried with MgSO4, filtered and evaporated. 
1H NMR (DMSO 300 MHz): δ = 11.16 (broad, 1H; NH), 5.52 (d, 1H; 1’), 5.48 (s, 1H; 5), 
4.05-3.95 and 3.63-3.55 (dd, 2H; H5’), 2.05-1.43 (m, 6H; H2’,3’,4’), 1.99 & 1.76 (m, 2H; 
Ura-CH2), 1.0-0.7 (m, 3H; Ura-CH3) 
TLC eluent was MeOH :DCM = 2:98, Rf = 0.21 
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2.2.13  Synthesis of 6-i-Pr-1-THP-Ura 20660 
 
 M (g/mol) n(mmol) m(mg) eqv V (µl) 
6-CN-1-THP-
Ura 204 
221.21 0.45 100 1  
Mg 24.3 1.13 27 2.5  
i-PrBr 78.54 1.13 88 2.5 67 
ZnCl2 136.32 0.045 6 0.1  
6-i-Pr-1-THP-
Ura 206 
238.29 - detective -  
 
To a mixture of 44 mg of magnesium and 5 ml of dry THF in a flask, a small piece of 
iodine was added. 169 µl of distillated i-PrBr was mixed with 0.8 ml of THF and injected 
to the flask. The flask was heated a little bit and the mixture was stirred at room 
temperature for 30 min, refluxed for 20 min and allowed to cool to room temperature. 
100 mg of 13 was dissolved in 7 ml of THF, 45 µl of 1 M ZnCl2 ether solution was added 
and the mixture was cooled in ice bath. All of the previously prepared Grignard reagent i-
PrMgBr was injected to the flask. The mixture was stirred for 3 hours in an ice bath and 
then warmed to room temperature. Next 10 ml of saturated aqueous NH4Cl solution was 
added and THF was evaporated, after this 20 ml of both water and chloroform were added 
and phases were separated. Aqueous phase was extracted with 3 x 10 ml of CHCl3; the 
organic phases were dried with MgSO4, filtered and evaporated. 
1H NMR (DMSO 300 MHz): δ =  11.89 (broad, 1H; NH), 6.64 (s, 1H; 5), 5.53 (d, 1H; 1’), 
4.02-3.93 and 3.67-3.55 (dd, 2H; 5’), 2.8-2.65 (m, 1H; CH), 2.05-1.43 (m, 6H; 2’,3’,4’), 
1.22 (m, 6H; CH3-C-CH3) 
TLC eluent was MeOH :DCM = 2:98, Rf = 0.21 
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2.2.14  LAH reaction62 
 
 M (g/mol) n(mmol) m(mg) eqv V (µl) 
6-CN-1-THP-
Ura 204 
221.21 0.45 100 1  
LiAlH4 37.95 1.01 38 2.25  
20% NaOH     336 
1-THP-Ura 207 196.21 - detective -  
 
In a flask 38.4 mg of LiAlH4  powder and 10 ml of dry THF was mixed, 100 mg of 204 
was dissolved in 7 ml of THF and it was added slowly. The mixture was refluxed for 15 
min and then cooled in ice bath. 1 ml of water and 0.14 ml of 20% NaOH were added. 
Precipitate was filtered; filtrate was dried with MgSO4, filtered and evaporated. 
The precipitate was mixed with 5 ml water and neutralized with acetic acid, and then water 
was evaporated. The product was 1-THP-uracil. 
1H NMR (CHCl3 300 MHz): δ = 7.43(d, 1H; 6), 5.71 (d, 1H; 5), 5.55 (dd, 1H; 1’), 4.15-
4.08 and 3.7-3.6 (m, 2H; 5’), 1.70-1.50 (m, 6H; 2’,3’,4’). 
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2.2.15  Base catalyzed hydrolysis56 in 1:1 H2O:THF 
 
 
6-CN-1-THP-Ura stock solution 12.5 mg/ml in THF (0.057 mmol/ml) 
Acetic acid stock solution 2.5 M 
Reaction mixture contained 7.5 ml of 1 M NaOH, 6.3 ml of THF and 1.2 ml of 6-CN-1-
THP-Ura stock solution. So the concentration was 1 mg/ml (4.52 x 10-3 mmol/ml) in 0.5 M 
NaOH. 
A sample for HPLC was taken every 10 min during the first 2 hours, and then every 30 
min in the following 2 hours and one final sample after 18 h. In each sample vial one 
equivalent of acetic acid stock solution was added beforehand to neutralize the reaction 
mixture. So each vial had 0.5 ml of reaction mixture and 0.1 ml acetic acid stock solution. 
 Time (min)            SM %        Ln SM% 
0 100 4.61 
10 85 4.44 
20 78 4.35 
30 70 4.24 
40 64 4.15 
50 56 4.02 
60 46 3.83 
70 40 3.69 
80 35 3.56 
90 25 3.22 
100 21 3.04 
110 19 2.94 
120 15 2.71 
150 0 - 
180 0 - 
210 0 - 
240 0 - 
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Figure 3. Percentage of starting material in reaction mixture at different time in 1:1 
H2O:THF 
 
Figure 4. ln [SM(%)]  at different time in 1:1 H2O:THF 
	  	   62	  
Base catalyzed hydrolysis56 in 93:7 H2O:THF 
Reaction mixture contained 7.5 ml of 1 M NaOH, 6.3 ml of water and 1.2 ml of 6-CN-1-
THP-Ura stock solution. So the concentration was 1 mg/ml in 0.5 M NaOH. 
The sample for HPLC was taken every 10 min during the first 2 hours, and then every 30 
min in the following 2 hours and one final sample after 24h. In each sample vial 1 
equivalent of acetic acid stock solution was added beforehand to neutralize the reaction 
mixture. So each vial had 0.5 ml of reaction mixture and 0.1 ml of acetic acid stock 
solution. 
Time(min)           SM%       Ln SM% 
0 100 4.61 
10 70 4.25 
20 61 4.11 
30 44 3.78 
40 34 3.53 
50 27 3.30 
60 21 3.04 
70 17 2.83 
80 10 2.30 
90 10 2.30 
100 0 - 
110 0 - 
120 0 - 
150 0 - 
180 0 - 
210 0 - 
240 0 - 
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Figure 5. Percentage of starting material in reaction mixture at different time in 93:7 
H2O:THF 
 
Figure 6. ln [SM(%)]  at different time in 93:7 H2O:THF 
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HPLC Anglent DBS hypersil C18 column 
Method: 0min – 5 min 5% ACN 95% 1:1 10 mM AcOH/NaOAc buffer solution. 
              5 min- 15 min 5% → 20% ACN 
              15 min – 25 min 20% ACN 
By analyzing the two serial of chromatograms, first we noticed that there was unpurity in 
each chromatogram after 25 minute. Both starting material and product flow out quickly 
through the column. 
 
 
Figure 7. The chromatograms in both reaction at 50 minutes. 
The retention time for starting material in 1:1 H2O: THF was 3.76 and for product is 2.66. 
The retention time for starting material in 93:7 H2O: THF was 3.97 and for product is 2.80. 
The hydrolysis was clearly faster when the THF concentration was lower. We can see that 
the reaction is a pseudo first order. The reaction rates were k = 0.016 min-1 in 50% water 
and k = 0.027 min-1in 93% water. 
The half-life for starting material was  
t½ = ln 2 / 0.016 min-1= 43.3 min in 50% water 
and t½ = ln 2 / 0.027 min-1= 25.7 min in 93% water 
	  	   65	  
2.3    Conclusion 
Based on previous studies, 3’-TBDMS-5’-TBDPS-6-CN-deoxyuridine 200 has been 
synthesized, the multi-step process took many days and the final yield was low. During the 
synthesis of 200, the most important step was N-glycosylation of 195. The stereoselectivity 
was very high as was reported by Zhang,2 over 90% of the product after flash 
chromatography was of the β-anomer. However, the amount of 200 was not enough for 
further modifications that we had designed, so the model compound 6-CN-1-THP-uracil 
204 was synthesized. As mentioned bofore 204 was easily accessed, and it was reactive in 
Grignard reaction when excess amount of EtMgBr and i-PrMgBr were used. Impurities 
(e.g. DMF solvent) in the starting material may cause the need of excess amount of 
Grignard reagent. This reaction was tested on the actual nucleoside 200, it required over 10 
equivalent of Gragnard reagent as well, and this may be caused by DMF solvent impurity 
also. Reaction with LAH reagent did not give the expected amine functionality; instead the 
cyano group was cleaved.  
Base catalyzed hydrolysis was tried with different organic solvent concentration. To follow 
this process, HPLC-chromatography was used. The HPLC-chromatograms showed that the 
reaction rate was 70% faster when the organic solvent concentration is 6.7% compared 
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4 Appendices 
Appendix 1. 3'-N-AcGly-5'-TBDPS-deoxyuridine proton spectrum 
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Appendix 2. 3'-N-AcGly-5'-TBDPS-deoxyuridine carbon spectrum 
 
Measured by Tom Lagerwall 
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Appendix 3. 3'-N-AcGly-5'-TBDPS-deoxyuridine NOESY spectrum 
 
Measured by Tom Lagerwall 
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Appendix 6. 6-CN-1-THP-uracil proton spectrum 
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Appendix 7. 6-ethyl-1-THP-uracil proton spectrum 
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Appendix 8. 1-THP-uracil proton spectrum from LAH reaction 
 
